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This report Lovers work perforined during the period June 10 to
July 9, 196¢ on "Polymers for Spacecraft Hardware, ' SRI Project

ASD-50+456 under JPL Contract No. 950745,

The primary objectives of this program are to assist the Jet
Propulsion Laboratory of the California Institute of Technology in
the evaluation of polymeric materials to be used in connection with

PL spacecrafts, and to provide a study of the effects of simulated

ey

€43

pacecraft environment on sclected commercial polymeric products.
The materials and products to be studied and the extent of the work

to be performed are speciified by the JPL Cognizant Engineer.

WORK PZRFORMED

Materials Evaluation

Work has been completed on the mixing and curing of polymeric
materials selected by the JPL Cognizant Engineer for determination
of changes in properties such as dielectric constant, adhesion, com-

sion set, etl. subscquent 1o exposudre to a thermal-vacuum en-

pre
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vironment of 135”C and <10™® (orr for a period of 500 hours. The

materials which required mixing and curing are adhesives, sealants,
protective coatings, and foarns; other polymers to be tested, such as
structural materials, gasket materials, lubricants, etc., will require

only simple postcures.

Fabrication has been completed for the multiple-cell unit to
be used for the thermal-vacuum exposure of the above materials.
The svstem is being asseinbled for check-out of fittings and welds,
refrigeration, and thermal control. Fabrication of holding fixtures
for sam:ple materials is underway and preparation of test schedules

and data forms is near completion.
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MNMacro- VCAL

Fabrication, assewmbly, and preliminary check-out has been
completed for the vacuum system and the heated sample chambers
which v ill be used for the determination of the deposition and sub-
seguent evaporation of volatile condensable material with time.

The essential components of the vacuum system are:

1) Cenco Hypervac-100, roughing pump;

2) Welch Model 1401, holding pump;

CVC PMCU-I0B, 10-inch diffusion parnp;

Temescal F-2530, vacuum valve;
c ‘

old trap, Freon-502, refrigeration,

The vacuum chaniber 1s 3 24-inch diameter, 35-inch long cast-
steel belljar. As shown in Figure !, the supporting rack for the VCM
ratuses is fastened to the face-plate of the vacuum chamber, and

a
belljar is moved into place on a track. Figure 1l also illustrates

he

*he partial assembly of the hezter units and the supporting electrical
bing equipment. The nozzle of each sample chamber is

vositioned so that volatile material (llioc) will pass through an

opening in an aluminam baffle to a polished aluminum VCM collector

. Syt as : N =0 :
pilate {1-1/2" diamieter) maintained at about 25 C by water-cooling

lines soldered to the collector-plate support.

The heated sample chammbers consist of two spun-copper halves,

each wound with an Xactiglo heating element soldered in place. The

halves are joined and scaled with (TFE) washers. Individual therimal-

control and thermocouple systemis are provided for each apparatus

v

{see meters, lower right-hand

~

rioer of Figure 1). Design drawings

o
of the samole units vill be 1ssued in a smmary report.
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fhe lnztlal run for lllaLI‘O V( N netermx nations with tm“”in‘r ’
"'f)rm ed" VCl\u appardtusc hdb tht bcon bturrc oo Five wd!erld,b are
bemg run in duphcate along vdth two blunk") in daamet"uaﬂ\ «upposcd
‘ r)ositlons.' ‘The r~'xaferlals forthis first ruli v ere scilected tor Comy-

.parlson u.th prevxously—an qmred \ CAMi data, for \orreldtxon 'v 'tn pa z:‘.t

e a/nd presem’r data -on othcr propgrt;ca; and for amutwnal LXai natlcm og

'pOtenuali Qn‘ood bpdﬁ.bt. raft 13 xdterlalb. Ihe inf crmatmn summdrized .;
- m Tabie I in d;cdtcs not onI) the zzaterlal der t&.“st but aiso the aox‘-
tinual effcrt :lurmg this prOgr-:th to uvaiuar an Jaterial for spacecraft
use onlthc basis of combined propernes and to determine the corre-

lation between the various properties and the significance thereof.

Table 1

Macro~VCA! Determinations:
- Polymeric Materials Under Test and Prior History

: ‘ |Prior : : - .
Mategial - iMacro- | Micro- Std. Vac. ‘u) atiles | Mech|8-moj
L ‘ TP VCM o VOM B WE Loss Mass Spec P‘:op Stge
Viton A44114-990 1 X 1 X X Xl x i x
(vinylidene fluoride- ‘
hexafluoropropylene
elastomer) !
Hycar-520-67-108-1] | ‘

{acrylic elastomer) - X X , X ‘ X X
{SE3604 ‘ .

(silicone elastomer) - X X e X - X X

PPO (clear) - lx box 4 x| x
(Qolyphem’lene oxlde BT R O N B M g
fﬂrn) ’

Teflon FEP 5004 - X X X | x| x

{polyfluoroethylene- '

propylene film)
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Mass Spectronietry

The mass spectrommetric Wentification in sty of substances

volatilized from polymeric materials at 125

1

C has been combletes

for two samples of interest: {1} AMicarta ©5M25, a copper-ulad
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Mechanical Properties

Six- Week Storage Tests

In situ tests of the effects of the vacuum-thermal environment

on the mechanical behavior of elastomers Hycar 520-67-108-4 and

Butyl rubber EX-1090, and Mylar film Type 500A, were completed
on May 25. In addition, ring specimens of Hycars -4, -5, -0,
SE-3704, and SE-3804 as well as dumbbell specimens of Mylar
and Bakelite Polysulfone film (P-2300) were stored in the test
chamber and vere tested at the conclusion of the exposure period.

All results are presented below.

Results of continuous and intermittent stress relaxation tests
of Hycar-4 and Butyl rubber £X-1090 are shown in Table VII. By
comparing these results with previous data ’Z, it is noted that
the behavior of Hycar-+4 is approximately comparable to that of
Hycar-2, both compositions showing more extensive chain scission
than Hycar-1. The relative degree of chain scission effected by
500 hours of exposure to the vacuum-thermal environment for the

Hycar elastomers thus far tested, can be portrayed as follows:
Hycar-1 < Hycar-2, Hycar-4 <« Hycar-3

The relative rates of cross-linking, as mecasured by the difference

between continuous and intermittent measurements, can be shown as:
Hycar-1 < Hycar-3, Hvcar-4 << Hycar 2

1 rubber EX-1090 wae found to behave about like Hycar-L

Muraca, . F., et al., Stanford Research Institute, Interim

P
<

R
Report No. 2, Project 5046, March 15, 196¢c.
Muraca, R. F., et al., Stanford Research Institute, Monthly
Technical Progress Report No. 22, Project 5040,
April 15, 190v0o




Fxamination of the data of Table VIII and comiparison with pre-
vious data L Z, yields confirming information that, of the first four
Hycar elastomers, Hycar-1 appears to be the least affected by the
vacuum-thermal environment. However, on the basis of the effects
on tensile properties shown in Table VII, Hycar-5 and -6 appear to
be superior to Hycar-1l. Similarly, comparisons of the measured
changes to modulus and rupture strain values indicate the following
order of stability to the vacuum-thermal environment for the sili-

cone elastomers:
SE-3004 >5E-3813 > SE-3013, SE-3713 >SE-3704, SE-3504

Table IX summarizes the effects of the vacuum-thermal environ-
ment on the tensile properties of Mylar and polysulfone films. The
polysulfone film appeared to be only slightly affected by the exposure,
with about a 25% increase in modulus and alinost no change in rupture
properties being observed. The Mylar demonstrated considerable
change, in that modulus increased more than two-fold and yield
strain decreased by about 50%, although rupnture properties (based on

gle tests) were almost unaffected.

In situ constant load tests of Mylar were conducted with duplicate
specimens subjected to loads of 1500 and 2000 psi. All creep defor-
mation occurred within the first 100 hours of exposure to the vacuum-
thermal environment; no change was noted thereafter. Total defor-
mation values, based on an effective gage length of 0. 8 inch, are

shown below:

Deformation, in/in

2000 psi 1500 psi
063 . 037

=037 025

Ave. . 050 . 031

10




(a)

{b)

(c)

The current vacuum-thermal storage program was initiated on

June 14, when temperatures were increased to 125°C after condition-

ing at 50°C for about 170 hours. Materials under investigation are:

Continuous 4and 1unterrnittent stress relaxation

Hycars -5 and -o

Constant loan (duplicate specimens at 7, 500 and 10, 000 psi)

Kapton 200XH667
Storage

Kapton 200XHo667 (polyimide film,

DuPont)

Tedlar 200SG40TR (polyvinyl fluoride filmm DuPont)

SE-556 (silicone elastomer,

Table VII
Effect of Vactuum-Thermal Environment
on Stress-Relaxation Behavior of

General Electric)

| MNaterial

‘Hycar-4

' EX-1090

} Intermittent

Hycar and Butyl Rubbers

Continuous

é;Approx Time to ! 1.{1};{f (o)

at

| £(t)/f (0) >L 0

| hours L
} 5 1,03 1.
| 7o

‘i 0.5 1.

Notes: 1.

2.

20 hrs 500 hrs {(t)/f (o) = 0.9

03

60

Approx Time to} f(t)/f (o) at
20 hrs 500 hrs

ho»urs» 1 '
1 0. 81 0. 69
1 0.83 0.76

All tests conducted at strains of approximately 0. 25

Data obtained trom best curves drawn through

duplicate test results.

Exposure conditions consisted on two stages:

(a) 190 hours at 50°C and an average pressure
of about 4 x 10-®torr

(b) 1004 hours at 125°C and an average pressure

of about 2.

ot
[

5x 10-° torr.




Table VIII

Effect of Vecuum- Therimnmal Environment
Tensile Properties of Hycar and Silicone Rubbers

Stress at i  Stress Strain ‘
Material History Temp., ©C Strain of 0.25, at Rupture, | at Rupture, |
: psi psi ! in/in |
1 i
Hycar-4 Control 25 1 920 i 1. 25
' Exposed 25 2 630 ; 0. 49 f
Control 125 128 305 \ 0.68
i Exposed 125 260 380 0. 35
|
Hycar-3  Control 25 41 815 ? 2.12
' Exposed 25 60 930 j 2. 14
Controc! 125 30 270 ’ l. 05
! . Exposed 125 45 285 1.15
| i
| Hycar-6 Control 25 243 1490 | Lo24
~Exposed 25 348 1590 i 1. 07
' Control 125 162 800 ; 0.95
| ! - Exposed 125 232 735 5 0. 70
| } :
| . SE-3704 Control 25 180 595 1. 52
Exposed 25 259 600 : 0.73
Control 125 1949 175 ' 1,10
| . Exposed 125 277 515 0.55
. SE-3804 Control 25 20l 500 1. 05
| f Exposed 25 394 . 660 0.59 |
| f Control 125 260 i 135 0.06 |
; Exposed 125 383 ; 440 0. 42 )
—_

Notes: 1,

[§%]

Ail data points are averages of measurements on
cuplicate specimens.

Tests were conducted at an extension rate of 0.1 in. /min.

Control speclinens were stored at normal room conditions
for the entire period from specimen preparation to final
testing.

Exposare conditions consisted of two stages: (a) 190 hours
at 50°C and an average pressure of about 4 x 10-° torr,

{b) 1004 hours at 125€C and an average pressure of about
2.5 x 10°7 torr.
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Table IX

Tensile Properties of Mylar
and Polysulfone

Material

Mylar

Polysulfone

Rupture

| Yield |

i Modulus | Stress {Strain Stress | Strain
History psi | psi in/in psi | in/in ]
b “T e e - ER - - - —-—e— =
Control © 33,000 | 2990 | 0.09 | 12,300 L74
Exposed . 72,000 ' 4240 | 0.059 10,700 | 1.82
i 1 i
Control 82,000 | -- -- 4,940 , 0.085:
Exposed © 103,000 . -- .- 5, 640 | 0.081
: , 1

Notes:

Pt

(¥

Materials were: MNylar, Type 5004
Bakelite Polysulfone P-2300 annealed

for 1 hr. at 165°C

All tests vwere conducted at a ¢ross head rate of 0. 02
in/min and at a temperature of 125°C.

Test specimens were dumbbell shapes; 0. 005-inch thick,
U. 125 - inch width, 0. 8-inch test length. Strain was
calculated on the basis of an 0. 8-inch effective gage
length.

Exposure conditions consisted of two stages: (a) 190
hours at 509C and an average pressure of about 4 x 10-°
torr, (b) 1004 hours at i125° C and an average pressure of
about 2.5 x 10-7 torr.

Yield values for Mylar were obtained at the intersection
of the modulus line and the tangent to the yielding curve.

Rupture data for Mylar are single test values; all other
data are average values of four tests.
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Eight- Month Storage Tests

During the past month of storage at constant strain in an envir-
onment of 1259C and < 10-% torr, no samples have ruptured; elas-
tomers being examined are General Electric SE-3004 (silicone),

Du Pont Viton A4411A-990 (vinylidene fluoride-hexafluoropropylene),
and Goodrich Hycar-1 {polyacrylic). As of this reporting period,
©-1/2 months of storage have been completed; five samples ruptured
during outgassing at 400C (SE-3004 and Viton A4411A-990 at maxi-
mum strain) and 3 samples ruptured during the first week at 125°C

{Hycar-1 at maximum strain).

ILong-term cvonstant-icad tests of polyphenylene oxide film in
the thermal-vacuum environment have now been in progress for
4 months. The PPO specimens (General Electric) have shown
almost negligible creep during this period; however, one specimen

at 1750 psi ruptured during the third month.

14




FUTURE WORK
Materials Evaluation

It is anticipated that the fabrication of holding fixtures will be
completed and the first run will be initiated during the next working

period.

Volatile Condensable Material

Micro-VCM determinations will be continued on a routine basis.
It is anticipated that no difficulties will be encountered v ith the
macro- VCM apparatus and that runs will be made on a continuing

basis.

Volatile Material

Work is coninuing on the mass spectrometer analyses of sub-

stances released from polymeric materials at 125°C in vacuo.

Mechanical Properties

Work will continue on the measurements of stree-relaxation
changes for selected polymer during a 6-week exposure to the thermal-

vacuum environment of 125°C and 10-° torr.

Regular observations will be made of the status of the elastomers
which are stored in the thermal-vacuum environment under constant
strain for 8 months and of the plastic which is being stored under

constant load for 6 months.
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